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Abstract 
Daily production rates in terms of carbon, nitrogen, and phosphorus are calculated for 0- 
100-m mixed zooplankton from its measured excretion rates and net growth efficiency (K,). 
The latter was calculated from nitrogen : phosphorus (N : P) and carbon:nitrogen (C:N) ratios 
of microzooplankton (50-200 pm) and mesozooplankton (200-5,000 pm), their excretion and 
assimilation efficiencies, and particulate food material over periods of several days at each of 
21 stations representing several offshore ecosystems. Average K, values for mesozooplankton 
were 0.372, 0.489, and 0.373 in terms of C, N, and P and 0.568 and 0.480 in terms of N and 
P for microzooplankton. P:B of microzooplankton (range: 34-230%) is 3.8 times that of me- 
sozooplankton (15-62%). Calculations were also made for particular animals such as Salpa 
and Glaucus (nudibranch). The lack of a significant correlation between mesozooplankton 
P:B or K, and the usual environmental factors is explained by the complexity of mixed popu- 
lations. However, significant correlations with the N:P ratio of particulate food, or the as- 
similation number (that also refer to mixed populations), show that P:B and K ,  values are not 
so erratic. 
Relatively little is known about the 
production of offshore populations of 
zooplankton in tropical areas although 
they account for 42% of the world ocean. 
The reasons are given by Le Borgne 
(1978) and are concerned with the meth- 
ods of evaluating zooplankton produc- 
tion. Most of the values of total zooplank- 
ton production ( P )  in tropical seas have 
been derived either from biomass ( B )  
data by use of the P:B ratio (e.g. Binet 
1979) or from metabolic loss ( T )  and net 
growth efficiency, K 2  (e.g. Vinogradov et 
al. 1976). However, P:B or K 2  are variable 
and need to be measured for each popu- 
lation under study (Banse 1979). 
During the past decade several meth- 
ods have been developed for assessing 
secondary production in offshore popu- 
lations. Shushkina et al. (1974) proposed 
the combination of a radiocarbon method 
with mathematical modeling and applied 
it to different elements of the planktonic 
Kisliakov 1975; Vinogradov and Shush- 
kina 1978; Shushkina et al. 1978). Rather 
than studying each element of the diver- 
sified plankton of the tropical zone, 
which takes much time and technical as- 
sistance, we can consider mixed popula- 
' 
populations in the Pacific (Shushkina and 
tions if they are separated into size 
classes, for it is generally true that trophic 
relationships and physiological rates are 
roughly size-dependent. Data for mixed 
phytoplankton are far more common than 
those for mixed zooplankton in spite of 
the pertinent work of Smith and Whit- 
ledge (1977) on total zooplankton excre- 
tion or Gerber and Gerber (1979) on pro- 
duction of mixed copepods, for example. 
Moreover, variations of total zooplankton 
respiration and excretion rates correlate 
fairly well with environmental factors 
(Le Borgne 198Zu,b). Thus, Le Borgne 
(1978) proposed to assess total zooplank- 
ton production from its metabolic loss 
and K 2 ,  the latter being derived from 
C:N:P ratios by the method of Ketchum 
(1962). This method is based on the dif- 
ference between nitrogen : phosphorus 
(N:P) ratios of the animal, its prey, and 
its excretion products. From data in the 
literature on individual species and from 
personal observations on mixed popula- 
tions, Le Borgne (1978) showed that par- 
ticular N:P ratios seemed to be charac- 
teristic of particular particle-feeding 
zooplankton populatior;ls+ Tbs advan- 
tages of the method u!&giL3N:m&s 
are that it may be applied to mixed pop- ~ 
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dations of predators and prey, the dis- 
tinction between them being made ac- 
cording to size; that it is independent of 
the kind of prey (autotrophic or hetero- 
trophic, dead or alive); and that it is 
quick, involving only measurements of 
respiration and excretion under artificial 
conditions. Until now, apart from the 
studies of Ketchum (1962), Butler et al. 
(1969, 1970) on Calanus, Le Borgne 
(1977b), and Le Borgne and Dufour 
(1979), no assessment of K 2  has been 
made by this method, probably because 
carbon, nitrogen, and phosphorus are 
rarely measured for so many parameters. 
In this paper I use material collected 
for severhl days at 21 stations in the Gulf 
of Guinea during five cruises by RV Cap- 
ricorne between 1975 and 1979 (CAP 
7502, 7506, 7706, 7802, and 7906) under 
various hydrological conditions and in 
the 0-100-m water column. 
I thank D. Petit for cooperation in data 
collecting and the reviewers for critically 
reading the manuscript and for making it 
comprehensible to English-speaking 
people. 
Theory 
Details of the C:N:P ratios method for 
assessing K ,  are given by Comer and 
Davies (1971) and Le Borgne (1978). 
Briefly, however, for a given population 
of predators and prey the N:P ratios can 
be defined as al = N:P in food; az = N:P 
in zooplankton excretion products; a3 = 
N:P in zooplankton; and a4 = DN:Dp, 
where DN and Dp are assimilation effi- 
ciencies in terms of dietary N and P for 
the predators, i.e. the proportions of in- 
gested food digested: 
assimilation 
ration D =  
Food wasted during capture is not in- 
cluded in any calculations. Phosphorus 
and nitrogen net growth efficiencies, 
&(P) and K,(N), can be calculated from 
K2(N) = 
al a4 
Such a calculation is possible if 
a, < ala4 < a3 or az > ala4 > a3. The for- 
mer condition is met for the N:P ratios of 
mesozooplankton (200-5,000 pm) and 
dition for C:N ratios, provided that excre- 
tion and respiration of carbon (i.e. meta- 
bolic losses) are both measured (Le 
Borgne 1978). Then, if al’, a2’, a3‘, and 
a4‘ are C:N ratios for prey, predator ex- 
cretion, and body constituents, and 
DC:DN, nitrogen and carbon net growth 
efficiencies, K2(N) and K,(C) can be cal- 
culated as 
(3) 
particulate food (<50 pm); the latter con- J 
.-?! 
&(N) = u1’a4’ - ‘2’ 
a3’ - a2’ 
and 
K2(C) = %K2(N). (4) 
a1 a4 
As a2’ has not been measured, K2(C) is 
calculated from Eq. 2 and 4. 
The mean 0-100-m rate of production, 
P ,  in terms of nitrogen and phosphorus is 
assessed from excretion rate (for both in- 
organic and organic forms), E ,  and K 2  as 
follows: 
P = E*K2.(1 - K z ) - l .  (5)  
Carbon metabolism (respiration and ex- 
cretion) was not measured, but carbon 
production can be estimated from that for 
nitrogen by using the C:N ratio in zoo- 
plankton (Le Borgne 1978). From data for - 
Cy N, and P as percentage dry weight, 
daily P:B coefficients can easily be esti- 
mated from production rates (mg C, N, or 
P per mg dry wt per day). The inverse of 
the daily P:B coefficient is the turnover 
time of the biomass. 
Excretion rates are temperature-de- 
pendent and zooplankton dry weight was 
not uniform through the 0-100-m water 
column. Accordingly, the column was di- 
vided into several isothermal layers each 
of a 1” or 2°C thickness, the zooplankton 
in each having an excretion rate e ,  (di 
being the mean temperature of the layer) 
and a percentage value of the 0-100-m 
biomass, b,. Thus, the mean excretion 
rate, E ,  is equal to (eelbe1 + eezbez + 
rj 
I 
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. . . + ee,,be,,). IO-' (X.bei 
was measured at only two temperatures, 
the other rates were derived from a Qlo re- 
lationship, e% = abei, where a and b are 
coefficients computed for each set of ex- 
periments (Qlo = b10 values are given by 
Le Borgne 198%). 
On the other hand, C:N and N:P ratios 
were measured in particles and zoo- 
plankton throughout the 0-100-m water 
column and a z  is used as the ratio be- 
tween the mean excretion rates for N and 
P, since it was found to be independent 
of temperature (Le Borgne 198%). An 
example of the calculation of the 0- 
100-m production rate is given by Le 
Borgne (1977.b). 
100). Since 
Methods 
Details of stations and measure- 
ments-Positions of the long-duration 
stations are shown in Fig. 1 and Table 1. 
Many stations are in the equatorial area, 
either during upwelling with nitrate in 
the surface layer (F, Gy H, I, J, K, 7706) 
from July till September, or during the 
warm" season, without any nitrate in 
the mixed layer (Cy R, S) in March-April. 
Stations were occupied for 1-5 days di- 
vided into 24-h intervals during which 
two vertical thermal profiles were made 
with a Bissett-Berman STDO probe sys- 
tem at 0600 and 1800; the C:N and N:P 
ratios of the particulate food and zoo- 
plankton vertical distribution were mea- 
sured at 0700 and 1500, zooplankton ex- 
cretion rate and N:P ratio (az) at 1800- 
2000, and N:P or C:N values for zoo- 
plankton (a3, as') every 4 h. Thus, station 
indexes in Table 1 (e.g. Al, A2, etc.) refer 
to the lst, 2nd, etc. 24-h cycle at that sta- 
ti(311. 
The particulate N:P (al} and C:N (al'} 
atomic ratios-Particle-feeders account- 
ed for 98.2% (range: 96.7-98.9%) of the 
number of individuals of 200-5,000-pm 
mesozooplankton (Le Borgne unpubl.) 
and 90.5% (range: 82.0-97.5%) of its total 
dry weight (Fig. 2). If zooplankton feeds 
opportunistically (as defined by Poulet 
1978), i.e. if there is no selective feeding, 
its food may be considered as the parti- 
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Fig. 1. Positions of stations sampled. 
cles that pass through a 50-pm mesh and 
are retained on fiber-glass (Gelman A) or 
silver (Selas flotronics, 0.8 pm) filters. 
Particle samples were collected with a 
30-liter Niskin bottle at 6 or 8 levels be- 
tween 80 and 120 m (always below the 
chlorophyll maximun) and at the surface. 
Filtrations took place immediately after 
sampling. Phosphorus concentrations 
were measured on board in material from 
4-liter samples retained by 47-mm-diam 
fiber-glass filters from station A to 7706, 
and from 2-liter samples with 25"- 
diam fiber-glass filters later on, by the 
method of Menzel and Corwin (1965). 
Carbon and nitrogen concentrations, us- 
ing 0.28-liter samples with 25-mm-diam 
silver filters from station A to 7706 and 2- 
liter samples with 25-mm-diam fiber- 
glass filters later, were measured with a 
Hewlett-Packard model 185B CHN ana- 
lyzer. Thus, C:N ratios were calculated 
for the same sample and N:P ratios for 
two different samples, and the N:P coef- 
ficient of variation is greater than that of 
the C:N (26.6 vs. 14.1% for stations C and 
F: Le Borgne 1977b). According to Herb- 
land (pers. comm.) 2-liter volumes are ap- 
propriate for 25-mm fiber-glass filters: 
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' Table 1. Mesozooplankton (ZOO-5,000 pm) net growth efficiencies in terms of carbon, nitrogen, and 
phosphorus, K,(C), K,(N), and K,(P) in O-100-m water column; atomic N:P particulate constituents (al; 
7t = sample size; SD = standard deviation), zooplankton excretion (az)  and constituents (u3) ratios; atomic 
C:N constituents ratios for particles (ul') and zooplankton ( ~ 3 ' ) .  
Temp 
O, 100 m 
Sta .  Position ("C) al SD, n u2 a3 KdP) KdN) a,' (13' K4C) 
Al 
A2 
A3 
A4 
B1 
B2 
B3 
c1 
c 2  
c3 
c 4  
D1 
D2 
D3 
E l  
E2 
9"2O'S, 9"30'E 
l€"lO'S, T30'W 
0"30'S, 4"30'W 
15"00'S, 5"40'W 
12"oo'S. 5024'W 
E3 
F1 
F2 
F3 
7706-3 
7706-15 
G1 
G2 
G3 
H1 
H2 
H3 
I1 
I2 
K 
N 
J 
O 
Q1 
Q2 
R2 
R3 
s1 
s2 
s3 
T 
0"02'N, 3"OSW 
2"36'S, 4"19'W 
6"00'S, 4"OO'W 
2"30'S, 4"OO'W 
O03O'S, 4"OO'W 
TOO'S,  4"00'W 
3"35'S, 4"OO'W 
TOO", 4"OO'W 
3"50'N, 4"OO'W 
10"15'S, 5"lO'W 
13 Feb 75 
14 Feb 75 
15 Feb 75 
16 Feb 75 
24 Feb 75 
25 Feb 75 
26 Feb 75 
1 Mar 75 
2 Mar 75 
3 Mar 75 
4 Mar 75 
26 Jul75 
27 Jul75 
28 Jul75 
31 Jul75 
1 Aug 75 
2 Aug 75 
6 Aug 75 
7 Aug 75 
8 Aug 75 
13 Jul77 
19 Jul77 
12 Aug 78 
13 Aug 78 
14 Aug 78 
15 Aug 78 
16 Aug 78 
17 Aug 78 
21 Aug 78 
22 Aug 78 
4 Sep 78 
5 Sep 78 
10 Sep 78 
11 Sep 78 
14 Apr 79 
15 ADr 79 
3"00'S, 4"24'W 18 Air 79 
19 Apr 79 
0"00', 4"OO'W 21 Apr 79 
22 Apr 79 
23 Apr 79 
2"OO'N. 4"05'W 25 ADr 79 
27, 16 23.7 2.7,5 21.5 26.6 
14.8 0.4,2 12.5 19.9 
17.2 1.7,4 15.5 19.2 
19.1 6.8,6 17.3 22.2 
25, 18 17.2 3.3,5 15.9 25.9 
19.1 2.7, 5 16.0 21.7 
16.9 2.2, 5 16.0 22.7 
28, 16 20.4 9.1,7 18.0 23.0 
20.6 4.8,6 19.0 24.5 
16.2 3.5,8 14.2 21.4 
18.1 3.4,6 17.1 21.0 
21, 18 19.7 6.1,7 14.7 25.5 
20.3 2.4,5 15.1 25.6 
18.6 1.9,5 13.4 23.8 
23, 18 17.1 8.9,6 14.4 22.9 
17.8 2.3, 5 12.0 24.0 
19.6 2.9.7 14.5 26.8 
20, 15 13.8 4.0; 7 9.7 23.6 
17.0 0.8,6 11.7 25.8 
17.0 0.7,7 11.8 26.8 
22, 14 14.9 2.0;6 10.8 24.9 
16.9 4.1,6 12.8 24.5 
22. 14 17.5 2.5. 18 11.9 25.5 
18.5 2.4; 16 12.3 26.1 
18.8 3.2,4 13.1 25.8 
22, 14 18.8 6.0, 11 13.1 23.0 
18.6 1.9, 10 13.9 24.0 
20.1 3.4,5 14.0 26.4 
23, 14 17.9 1.7, 10 15.3 24.8 
18.4 3.6.9 15.9 24.6 
22, 14 16.7 
22, 14 16.3 
25, 15 16.6 
24, 14 14.3 
26, 16 19.2 
18.8 
28. 14 20.2 
18.4 
29, 16 20.8 
21.2 
19.6 
29, 15 20.0 
5.5; 11 13.3 24.2 
4.0,9 13.9 24.1 
3.0,5 13.8 23.5 
1.4,6 12.9 23.0 
5.8,20 16.7 24.6 
4.4, 13 15.9 24.1 
9.5. 13 16.4 26.1 
4.2; 19 15.9 23.4 
1.7,5 16.8 25.0 
4.2, 16 16.2 24.1 
5.0, 14 15.2 25.0 
5.1,24 18.3 23.8 
they minimize the value of the blank but 
are not too large for offshore stations of 
the Gulf of Guinea, avoiding overloading 
of the filters. Since several CHN analyses 
were made 6 months after sampling (A, 
B, C, 7706) instead of the usual 1-2 
months, a Wilcoxon test was applied to 
C:N and N:P ratios after the two periods 
of preservation (-30°C in a desiccator); 
it did not show any significant difference 
( P  < 0.05). 
Zooplankton excretion rates and N:P 
atomic ratios-Total nitrogen and phos- 
0.431 
0.311 
0.459 
0.367 
0.130 
0.544 
0.134 
0.480 
0.290 
0.277 
0.256 
0.463 
0.495 
0.500 
0.318 
0.483 
0.415 
0.295 
0.376 
0.347 
0.291 
0.350 
0.412 
0.449 
0.449 
0.576 
0.465 
0.492 
0.274 
0.287 
0.312 
0.235 
0.289 
0.139 
0.316 
0.354 
0.392 
0.333 
0.488 
0.633 
0.449 
0.309 
0.484 
0.418 
0.513 
0.427 
0.196 
0.618 
0.180 
0.541 
0.345 
0.366 
0.297 
0.599 
0.625 
0.640 
0.425 
0.652 
0.567 
0.504 
0.570 
0.547 
0.486 
0.508 
0.600 
0.634 
0.616 
0.704 
0.600 
0.646 
0.379 
0.384 
0.452 
0.348 
0.409 
0.223 
0.405 
0.453 
0.506 
0.424 
0.586 
0.719 
0.573 
0.368 
6.3 
9.9 
7.8 
9.5 
8.2 
8.0 
6.8 
8.3 
6.7 
7.7 
5.5 
6.0 
6.5 
8.8 
7.8 
7.5 
6.2 
5.4 
7.3 
7.3 
7.3 
5.6 
6.0 
6.1 
5.5 
6.4 
7.5 - 
5.4 0.415 
4.9 0.205 
4.9 0.322 
4.9 0.220 
4.9 0.358 
4.8 0.375 
4.7 0.442 
4.6 0.236 
4.6 0.448 
4.7 0.346 
4.8 0.440 
4.7 0.447 
4.8 0.404 
4.5 0.307 
4.5 0.366 
4.5 0.370 
4.5 0.511 
4.5 0.500 
4.5 0.398 
4.5 0.250 
4.5 0.279 
4.6 0.416 
4.7 0.332 
4.5 0.432 
4.5 0.588 
4.6 0.412 
4.5 0.221 
phorus excretion rates were generally 
measured at the surface temperature and 
that of the bottom of the thermocline for 
microzooplankton (50-200 pm) and 'me- 
sozooplankton (200-5,000 pm) of the 0- 
100-m water column (see Le Borgne 
198% for details). Total excreted nitro- 
gen and phosphorus were analyzed after 
UV photo-oxidation (Armstrong and Tib- 
bigs 1968). For concentrations up to 12 
pg-atoms N-literF1, 90% of the urea is 
mineralized; animal concentrations in 
2-liter incubation flasks and length of in- 
¿ 
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Fig. 2. Weight percentages of main faunistic components of mesozooplankton samples. Numbers are 
those of copepod percentages. 
cubation (19-23 h) had no influence on 
a2  at the stations considered (Le Borgne 
198%). 
Zooplankton vertical distribution- 
Water from the 30-liter Niskin bottle was 
sieved through 200- and 50-pm nylon 
nets before particle analyses, and the 
zooplankton collected on the nets was 
analyzed for phosphorus. b,  is the ratio 
between zooplankton phosphorus in the 
Bi layer and integrated phosphorus from 
O to 100 m. Le Borgne (1977~) showed 
that such vertical distributions of zoo- 
plankton phosphorus were in good agree- 
ment with those of the dry weight of the 
net catches. It is assumed that these dis- 
tributions do not change markedly during 
the night; in the equatorial area (Le 
Borgne 1 9 7 7 ~ ) ~  in spite of clear diel vari- 
ations of the 0-100-m dry wt, the vertical 
distribution pattern did not change in a 
significant way. The 0-100-m dry wt rep- 
resents 73% of the 0-500-m dry wt, on 
average, the range being 61.5% at station 
Q in oligotrophic waters and 86.0% at sta- 
tion A in the Angola thermal dome (Le 
Borgne unpubl.). 
. .  
I 
I Zooplankton constituents N:P (a3) and 
C:N (a3') atomic ratios-Vertical hauls 
(0-100 m) were made every 4 h with 
WP-2 nets (UNESCO 1968) for mesozoo- 
plankton and a 50-pm net for microzoo- 
plankton (same length as the WP-2, but 
with a 49-cm mouth diam). Mesozoo- 
plankton was sieved on a 5-mm metal 
screen, microzooplankton on 200-pm ny- 
lon. C, N, and P were measured in a di- 
luted homogenate of the whole sample. 
N:P (a) or C:N (G')  assimilation ef$- 
ciency ratios-Dc, DN, and Dp were cal- 
culated according to the ratio method of 
Conover (19G6), which requires percent- 
ages of organic carbon, nitrogen, and 
phosphorus for both particulate and fecal 
material. The data for fecal material were 
collected, at a few stations only, after zoo- 
plankton had been left in 2-liter flasks for 
about 4 h. Fecal pellets were rinsed, 
dried (GOOC), and deep-frozen until 
weighed (-+ 1 pg, Cahn electrobalance) 
and analyzed for C, N, and P. 
Species composition of zooplankton 
and environmental factors-At each sta- 
tion, one plankton sample or more was 
preserved in buffered 5% Formalin and 
counted. Taxa are given by Le Borgne 
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(19774 and are grouped here into parti- 
cle-feeders and carnivores (Fig. 2). “0th- 
er particle-feeders” (Fig. 2) are sergestids 
and cladocerans; “other carnivores” are 
amphipods, larval polychetes, fishes, het- 
eropods, and siphonophores. Individuals 
of each taxon were counted, dried at 60°C 
for 24 h, and weighed, giving the indi- 
vidual drg weight (total weight of the tax- 
on divided by the numbers of individu- 
als), and the weight percentage of any 
taxon in the sample (weight of the taxon 
divided by the total sample weight) 
which appears on Fig. 2. There were no 
quantitative measurements for microzoo- 
plankton but microscopic observation 
showed that it was largely dominated by 
the developmental stages of copepods. A 
similar observation by Gundersen et al. 
(1976) off the Hawaiian Islands showed 
that 78% of the 37-200-pm zooplankton 
was “microcopepods.” 
Phytoplankton cells were found in mi- 
crozooplankton samples at stations I, J, 
N, S, and T. 
Data on environmental factors (as in- 
tegrated chlorophyll, assimilation num- 
ber, A.N.) are from Herbland and Voitu- 
riez (1979) and Voituriez et al. (in prep.). 
Assimilation number is the ratio between 
integrated 14C assimilation and Chl for 
the photic zone. 
Results 
Particulate al and al’ ratios-Table 1 
mean values are 18.2 (SD = 2.0) for a l  
and 7.1 (SD = 1.2) for a,’. Variations in 
such ratios have been dealt with in many 
studies (e.g. for C:N, Riley 1970; Lemas- 
son et al. 1977; Slawyk et al. 1978; for 
N:P, Redfield et al. 1963; Corner and 
Davies 1971) and only two problems will 
be discussed here. The first is the possi- 
bility of experimental error, for C and N 
analyses were made cruise-by-cruise and 
artificial differences could have appeared 
between them because of variable filter 
blanks or storage conditions. However, 
there are no significant differences 
(P < 0.05) between a ,  or a,’ of the differ- 
ent cruises (Kruskal-Wallis test). The sec- 
ond problem is whether the particulate 
material was really food for the zooplank- 
ton. Thus, sampling levels may not co- 
incide with the feeding levels and parti- 
cle sizes may have been too small or too 
big. At any station, the 80-120-m-thick 
layer includes the primary production 
and, therefore, the mesozooplankton (Le 
Borgne 1977a, in prep.). But al  and al’ 
do vary along the water column: C:N and 
N:P particle ratios are higher in the 
mixed layer than in the deep chlorophyll 
maximum (Herbland and Le Bouteiller 
1981~)  so that if zooplankton only graze 
in the latter, al  and a,‘ will be overesti- 
mated. Results for the present stations 
(Le Borgne unpubl.) show that, on aver- 
age, 56% of the 0-100-m zooplankton bio- 
mass lies in the mixed layer, so that mean 
values of a l  and al’ are representative of 
the two layers. As far as the problem of 
the size of the particles is concerned, 
Herbland and Le Bouteiller (1981b) 
found that in the chlorophyll maximum 
layer of the equatorial Atlantic, 40-60% 
of total particulate chlorophyll and phos- 
phorus and 80% of carbon and nitrogen 
were present in particles <3 pm. Con- 
sequently, N:P and C:N (to a smaller ex- 
tent) ratios of the <3-pm size class are 
higher than those of the total fraction (fil- 
tered on Gelman A with prescreening on 
200 pm): 20 vs. 16 for N:P, 9.1 vs. 8.2 for 
C:N. Since <3-pm particles make only a 
small contribution to the food of small 
mesozooplankton (e.g. Nival and Nival 
1976; Richman et al. 1977; Poulet 1978), 
my N:P and C:N values may have been 
overestimated by the use of small-pore- 
sized filters, at least for the chlorophyll 
maximum layer. It follows that if az ,  a3, 
a4, a3’, and a4‘ are correct, Kz(P) as cal- 
culated from Eq. l may have been over- 
estimated, whereas K,(N) and K,(C), as 
inferred from Eq. 2 and 4, may be closer 
to the true values. 
Zooplankton excretion az ratio-Table 
1 values of as  range from 9.7 to 21.5 
(mean = 14.7; SD = 2.4), Table 2 values 
from 7.2 to 19.3 (mean = 14.3; SD = 3.3). 
In  comparison to data in the literature 
dealing with total nitrogen and phos- 
phorus excretion, Table 1 and 2 values 
are somewhat higher than those of Butler 
e t  al. (1970) for Calanus (ll.l), Le 
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Table 2. Microzooplankton (0-100 m, 50-200 pm) K2(N) and K2(P), C, N, and P production rates (pg.mg 
dry wt-'.d-'), daily productivity (P:B) ,  and turnover time (TT) of nitrogen biomass. Elements for their 
calculation: al, u2, u3, u3', total N and P excretion rates (pg-atoms.mg dry wt-'.d-'), N and P percentages 
of dry wt. In italics-production assessed from K,(N) = 0.535 and K2(P) = 0.446. 
Excretion % of dry wt K2 Production rate 
Daily TT 
Sta. ' a l  N P a2 N P a3 a3' N P C N P P:B(%) (d) 
F 2.535 0.176 
G 17.9 3.428 0.259 
H 18.7 2.353 0.192 
I 19.5 4.396 0.289 
18.9 2.866 0.291 
16.3 3.441 0.241 
L 3.588 0.2% 
M 4.073 0.315 
O 14.3 4.550 0.315 
Q 20.4 2.953 0.169 
R 19.4 5.432 0.360 
S 20.5 4.835 0.360 
T 20.0 5.351 0.293 
N 16.6' 4.273 0.331 
14.4 5.9 0.64 20.4 5.8 
13.2 5.8 0.53 24.6 5.9 0.567 0.412 
12.4 5.6 0.54 22.8 5.9 0.739 0.606 
15.8 5.9 0.64 21.4 5.8 0.575 0.500 
7.2 5.1 0.80 (14.1) 6.0 
14.3 7.5 0.84 19.8 5.5 0.442 0.364 
14.4 6.1 0.72 18.8 5.6 
12.9 5.0 0.60 18.5 6.1 
11.8 6.0 0.72 18.5 6.0 
14.3 5.6 0.62 20.0 6.2 
18.4 7.7 0.70 24.6 5.2 0.389 0.323 
15.3 6.8 0.67 22.3 5.8 0.673 0.586 
15.8 6.5 0.75 19.5 6.0 
19.3 6.4 0.74 21.5 5.8 0.358 0.333 
203.0 40.83 4.39 69.2 1.4 
317.8 62.84 5.63 108.3 0.9 
471.7 93.27 9.16 166.6 0.6 
414.0 83.27 8.96 141.1 0.7 
237.4 46.16 7.26 90.5 1.1 
179.9 38.16 4.28 50.9 2.0 
277.4 57.79 6.24 94.7 1.1 
343.0 65.61 7.86 131.2 0.8 
354.0 68.83 8.26 114.7 0.9 
389.5 73.29 7.86 130.9 0.8 
117.3 26.32 2.50 34.2 2.9 
778.1 156.52 15.80 230.2 0.4 
400.5 77.88 8.98 119.8 0.8 
207.7 41.77 4.54 65.3 1.5 
Borgne (1973) for mixed zooplankton of 
the Mauritanian upwelling (10.2), Kre- 
mer (1978) for Mnemiopsis ( l l . O ) ,  and Le 
Borgne and Dufour (1979) for the mixed 
zooplankton of the Ebrié lagoon (8.3). 
According to Le Borgne (1982b), 76% of 
the variance in the present a2 data is as- 
sociated with al and a3; there is no influ- 
ence of temperature or of the richness of 
the area (as integrated Chl a) .  Clear diel 
variations of a,  occurred in the Ebrié la- 
goon samples and were also evident in 
table 1 of Ganf and Blaika (1974) for the 
ratio between inorganic nitrogen and 
phosphorus excretion. However, such 
variations are reduced by the 19-23-h in- 
cubations of the present study. 
Zooplankton constituents a3 and a3' ya- 
tios-For mesozooplankton, the range is 
19.2-26.8 for a3 (mean = 24.1; SD = 1.8) 
and 4.5-5.4 for a3' (Table l) ,  and 18.5- 
24.6 (mean = 21.5; SD = 2.1: Table 2) for 
microzooplankton a3. These results agree 
with those in the literature (see Le 
Borgne 1978). Mesozooplankton u3 ratios 
are always >al, making the calculation of 
K ,  possible; they are not significantly 
greater than microzooplankton a3. For 
several stations, the latter is too low and 
the calculation of K 2  is impossible, prob- 
ably because several microzooplankton 
samples contained phytoplankton cells, 
resulting in lowered a3 ratios (I, J, N, S: 
Table 2). 
( 8  
+ 
Assimilation efficiencies % and G' ra- 
tios-The chemical composition of CO- 
pepod fecal pellets was measured at six 
stations (Table 3). The N:P or C:N ratios 
are smaller than those of the particles 
(Table 1) in half the cases. However the 
latter ratios were obtained from amounts 
of C, N, and P referred to volume rather 
than to weight, and therefore it was nec- 
essary for the calculation of Dc,  DN, and 
Dp to use the value of 28.8%, based on 
the percentage of organic carbon of the 
dry weight of the particles, for meso- 
trophic areas of the Gulf of Guinea (Le- 
masson et  al. 1977). I then derived the 
particulate percentages of nitrogen and 
phosphorus from the values of a l  and al' 
in Table 1, using this percentage. Ratios 
of Dc to DN (a4') or DN to Dp (a4) thus 
obtained are slightly greater than unity, 
except for station G. Although this kind 
of calculation is not satisfactory since par- 
ticle carbon percentages are variable 
from one station to another, the rather 
high assimilation efficiencies probably 
are not overestimates because the partic- 
ulate carbon percentage is intermediate 
between 37.2% (Lemasson et al. 1977) in 
eutrophic areas of the Gulf of Guinea and 
46.3% (Copin-Montegut 1977) in the 
Guinea thermal dome. Such high values 
for the assimilation efficiency are due to 
a large gap between percentages of C, N, 
and P in the fecal material and in the food 
\ 
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Table 3. Chemical composition of feces and prey (i.e. particles) of copepods, Salpa fusi fomis ,  and 
Glaucus atlanticus (prey of which are salps) at several offshore stations and their assimilation efficiencies 
(%D) as calculated by Conover's ratio method. %C: weight percentage of organic carbon. 
Feces composition Prey composition Assimilation efficiencies 
Sta. %C %N %P C:N N:P ar a,' %C %N %P %Dc %DN %Dp al al' 
Copepods 
B 0.32 
C 0.32 
F 5.04 
G 19.20 
G 9.10 
E -  
Salps 
H 15.2 
Glaucus 
H 1.3 
0.06 0.006 6.8 22.1 17.2 8.2 28.8* 4.1 
0.04 0.004 8.8 19.7 18.1 8.2 28.8* 4.1 
3.3 0.127 6.7 57.5 17.5 8.8 28.8* 3.8 
.1.6 0.281 6.9 12.6 17.5 7.8 28.8* 4.3 
0.48 0.109 - 9.8 17.1 8.3 28.8* 4.0 
' 0.86 0.224 6.8 8.5 13.8 6.1 28.8* 5.5 
2.1 0.380 8.5 12.2 18.6 6.3 
28.8* 
37.2* 
5.3 
6.9 
0.20 0.221 7.1 19.3 23.9 4.6 8.2 2.1 
0.53 
0.50 
0.88 
0.48 
0.54 
0.52 
0.63 
0.82 
0.195 
99.2 98.6 98.9 1.00 1.01 
99.2 99.1 99.2 1.00 1.00 
86.9 85.1 74.7 1.14 1.02 
41.3 13.6 73.6 0.18 3.04 
75.3 63.8 48.1 1.33 1.18 - 88.4 79.1 1.12 - 
55.7 61.7 39.8 1.55 0.90 
69.7 71.1 53.9 1.32 0.98 
85.3 90.7 89.3 0.94 1.02 
* From Lemasson et  al. 1977. 
particles. Table 3 may be criticized be- 
cause there are too few measurements 
and only copepod feces were collected, 
the chemical composition of which might 
have been altered by the quick solubili- 
zation of C, N, and P, thus leading to 
anomalous weight percentages or C:N 
and N:P ratios. As far as the second point 
is concerned, copepods represent 83.2% 
of total mesozooplankton dry weight on 
average (Fig. 2), so the error is probably 
small. 
Unfortunately, simultaneous measure- 
ments of Dc and DN or DP and DN have 
rarely been reported. Butler et al. (1969) 
found that a l  was less than the feces N:P 
- for Calunus, implying that DN < Dp, and 
used data from earlier work to assess DN 
as 62% and Dp as 69%. In another paper 
(Butler et al. 1970), their calculation 
gives DN = 62.4% and Dp = 77.0%, so 
that u4 = 0.81. Later, for Calanus grazing 
on Biddulphia, Corner et al. (1972) found 
DN = 34.1% and D, = 40.4% which gives 
u4 = 0.84. When both carbon and nitro- 
gen are considered, nitrogen appears to 
be assimilated slightly more than carbon, 
although the assimilation efficiencies re- 
ported are very high: Dc = 94%, D N  = 
99%, so that a4' = 0.95 for the carnivo- 
rous pteropod Clione (Conover and Lalli 
1974); Dc = 86%, DN = 90%, and a4' = 
0.96 for detritus-feeding copepods (Ger- 
ber and Gerber 1979). Since no other 
studies allowed the calculation of a4 and 
u4', I obtained additional values for two 
planktonic animals at station H: Salpa f u -  
sifoimis (Braconnot pers. comm.) and 
Glaucus utlunticus, a nudibranch. Prey 
constituents C:N and N:P ratios are those 
of the 0-100-m particles for the salps. The 
salps were seen being preyed upon by 
the pleustonic Glaucus, although Cheng 
(1975) mentions only Velella, Porpitu 
and Physalia as prey of Glaucus; there- 
fore the prey constituent ratios (a l  and 
ul') for Gluucus are the N:P and C:N ra- 
tios of the salps. Feces of both species 
were abundant and released quickly, so 
that experimental error could be mini- 
mized. Table 3 shows that carnivorous 
Glaucus displays higher assimilation ef- 
ficiencies than the filter-feeding salps; a4' 
is close to unity for both; a4 is greater for 
salps and close to unity for Glaucus. 
From Table 3 values and those in the 
literature, no definite conclusion can be 
drawn. In most cases, u4' looks close to 
unity, whereas a4 is more variable, per- 
haps because of experimental errors (e.g. 
low concentrations and quicker release of 
phosphorus). Nevertheless, I will assume 
that both ratios equal unity; i.e. that C, 
N, and P are assimilated according to 
their ratios in the diet. 
C ,  N ,  and P net growth ef5ciencie.s- 
On average, mesozooplankton K2(P) 
equals 0.373 (SD = 0.115, n = 42: Table 
U 
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Table 4. Data for Salpa fusiformis and Glaucus utZanticus at station H (temp, 22°C; n = 6-7 replicates). 
Same abbreviations and units as Table 2; calculations of K, included a4 and u4’ of Table 3. 
Salpo fusifomis (oozooids) Glaucus atlanticus 
C N P C:N N:P C N P C:N N:P 
‘V 
Individual dry wt (mg) 37 157 
Dry wt percentages, a3, a3’ 8.2 2.1 0.195 4.6 23.9 30.0 7.9 0.60 4.4 29.2 
Prey constituents (al, al’) 6.3 18.6 4.6 23.9 
Total excretion rate, az 0.719 0.066 10.9 0.514 0.032 16.0 
Kz 0.567 0.761 0.592 0.597 0.637 0.490 
Production rate 126.4 32.05 2.969 47.6 12.63 0.953 
Daily P:B 152.6 16.0 
Tumover time 0.7 6.3 
1) and K2(N), 0.489 (SD = 0.134, n = 42) 
which means that 37% of assimilated 
phosphorus and 49% of nitrogen are used 
for production. K,(C) equals 0.372 (SD = 
0.096, n = 27) but cannot be strictly com- 
pared to K2(N) and K2(P) because its 
mean value is not computed from data 
from the same number of stations. In any 
case, K,(N) is >K2(P) or K2(C), which de- 
notes a differential use of nitrogen by 
zooplankton: more assimilated nitrogen 
is kept for production than phosphorus or 
carbon. This is the basis of the method of 
calculation of K ,  coefficients. In most 
cases, K2(P) is slightly >K,(C), which 
happens when u& < u3r/u1r (see Eq.  2, 
4 ) .  Average values for microzooplankton 
are 0.480 (SD = 0.146) for K,(P) and 
0.568 (SD = 0.163: Table 2) for K,(N). 
These are not significantly different from 
mesozooplankton values according to the 
Wilcoxon test ( P  < 0.01) applied either to 
the seven stations of Table 2 alone or to 
all values (42 for Table 1, 7 for Table 2). 
Finally, I made calculations also for salps 
and Glaucus (Table 4), using the values 
of u4 and u4’ in Table 3. An u4 value of 
1.32 for salps was found to be high since 
it would lead to K2(P) >1; therefore, it 
was taken as unity. 
Table 5 presents literature values for 
K 2  in terms of C, N, and P, all for separate 
Table 5. Review of direct measurements of Kz(C),  Kz(N), and K,(P) (in percentage) in literature for 
planktonic animals. 
Reference Animal Development stage Area KdC) KdN) KdP) 
Comer et al.* 
Butler et al. 1970 
Tagnchi and Ishii 1972 
Conover and Lalli 1974 
Chervin 1978 
Reeve et al. 1978 
Gerber and Gerber 1979 
Le Borgne and Dufour 
Gaudy 1980 
Vidal 1980b 
This paper 
1979 
Calanus 
Calanus ’ 
Calanus 
Clione 
Mixed copepods 
Pleurobrachia 
Undinula vulgaris 
Small copepods 
Creseis acicula 
Mixed plankton 
Leptom ysis 
Calanus 
Mixed offshore 
Mixed offshore 
Salpa fusiformis. 
Glaucus atlanticus 
Growth + egg produc- ClydeSea 
tion 
CV + adults (spring) Clyde Sea 
Unstated Bering Sea 2653 
Nova Scotia 57 (34-73) 
Vancouver Island 
46 ($76) 
CV + adults Enewetak Atoll 7.2 
CIII-CV + adults (Marshall Islands) 8.9 
5.0 
(Acartia mainly) Ebrié lagoon 
Growth + egg produc Marseille 25-35 
Variable wt, temp, Puget Sound 0-58 
Mesozooplankton Gulf of Guinea 37.2 
Microzooplankton Gulf of Guinea 
Oozooids Gulf of Guinea 56.7 
Gulf of Guinea 59.7 
tion (variable temp) 
and food concn 
38.6 
43 22.4 
15 
27.3 
50.0 
23.0 
62.9 38.9 
48.9 37.3 
53.5 44.6 
76.1 59.2 
63.7 49.0 
* Cited in Comer and Davies 1971. 
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taxa, except that of Le Borgne and Dufour 
(1979) for mixed zooplankton. There are 
few comparable K 2  values; most previous 
studies expressed them in terms of calo- 
ries and dry weight (see reviews by Cor- 
ner and Davies 1971; Conover 1978) or 
were concerned with the gross growth 
efficiency K I .  As it was not feasible to 
convert KI into K,, or calories and dry 
weights into carbon, I include only the 
direct measurements of K,(C), K2(N), and 
K,(P) in Table 5, which shows that the 
mean value of K2(N) presented here is 
slightly greater than that of Butler et al. 
(1970) for Calanus with the same method 
(but with a4 f 1). Probably the difference 
reflects the lower efficiencies of stage V 
and adult Calanus than those for the 
younger stages that provide the bulk of 
natural populations (e.g. Mullin and 
Brooks 1976), as mentioned in reviews by 
Corner and Davies (1971) and Gaudy 
(1’980) and in recent studies by Vidal 
(198Ob). The range of K z  values in Tables 
1 and 2 lies within the limits of extreme 
values in the literature, although these 
tables are concerned with copepod-dom- 
inated populations in the Gulf of Guinea. 
The validity of the method of using 
C:N:P ratios is hard to prove since there 
has been no study comparing the results 
with those of more usual methods. 
Nevertheless, the satisfactory results of 
Butler et al. (1970) and the agreement of 
present data with those in the literature 
do give some support to the method. It 
should be pointed out that K ,  may be 
quite different from one chemical ele- 
ment to another or from ash-free dry wt 
and dry wt (Reeve et al. 1978), contrib- 
uting to the wide range in the literature. 
Zooplankton P:B vabues-Carbon, ni- 
trogen, and phosphorus production rates 
of the 0-100-m water column are pre- 
sented in Table 6 for the mesozooplank- 
ton and in Table 2 for the microzooplank- 
ton, together  with ni t rogen P : B  
coefficients and turnover times. The last 
two parameters give a better idea of the 
intensity of production and will be used 
from now on; the results are close to those 
for the growth rates because dry weight 
percentages of C, N, and P are similar 
from one station to another. Mesozoo- 
plankton mean P:B values range from 
14.5% at station O to 62.2% at station S 
(two dubious values have been omitted: 
95.9% at Sta. H1 and 95.1% at S2). Such 
percentages imply a daily production 
representing 14.5-62.2% of mesozoo- 
plankton standing stock, indicating a 6.9- 
1.6-day turnover time. Microzooplankton 
mean P:B values range from 34.2% (sta. 
Q) to 230.2% (sta. R), i.e. 2.9-0.4-day 
turnover times. Because several Kz(N) 
and K2(P) values were missing for the 
microzooplankton, mean values from Ta- 
ble 2 have been used (0.535 and 0.446). 
This way of assessing production was 
preferred to the use of a mean P:B since 
its coefficient of variation is greater than 
that of K,: 61.9 vs. 26.9%. Production cal- 
culations were made also for solitary oo- 
zooids of S. fusiformis and their predator 
G. atlanticus, the turnover times of 
which are 0.7 and 6.3 days (Table 4). 
When P:B values of the two zooplank- 
ton size classes are compared at each sta- 
tion with a sign test, those for microzoo- 
plankton are significantly higher than 
those for mesozooplankton ( P  < 0.05): 
the average ratio between P:B of micro- 
zooplankton and that of mesozooplankton 
is 3.8 (SD = 2.45, n = 12). 
Coefficients of Variation have been cal- 
culated for mean values of P: B at the var- 
ious stations (Table 6) and range from 
4.8% at D to 46.6% at E (sta. B value of 
126.7% is excepted). Variations of C, N, 
and P dry weight percentages are gen- 
erally small so that P:B variability is 
mainly due to that of the excretion rates 
and K 2  values: coefficients of variation of 
the former range between 3.0 and 18.6%, 
those of K 2  between 0.9 and 25.8% (sta. 
B again excepted). If P:B variability is 
mainlv due to variable danktonic DODU- 
c 
i 
I 
lation; with variable physiological prop- I /  
erties, the way the mean station values of 
Table 6 were computed (i.e. on 24-h 
cycles) is correct. But if P:B variability is 
due to an error in the method (e.g. wrong 
N:P ratios for the K z  calculation or vari- 
able incubation conditions for the excre- 
tion rate) then average values should be 
calculated from mean values of K2,  excre- 
“ P  
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Table 6. Mesozooplankton (0-100 m) production rates, daily productivity, and turnover time of nitrogen 
biomass per 24-h interval and average values per station (in italics). In parentheses-values not used in 
calculation of station mean. Same units as Table 2. 
Excretion % of dry wt Production rate 
Daily TT 
Sta. N P N P c N P P:B (%) (d) 
A l  
A2 
A3 
A4 
B1 
B2 
B3 
c1 
c 2  
c 3  
D1 
D2 
D3 
E l  
E2 
E3 
F1 
F2 
F3 
7706-3 
G1 
G2 
G3 
H1 
H2 
H3 
I1 
I2 
J 
K 
N 
O 
Q1 
Q2 
R2 
R3 
s1 
S2 
s 3  
T 
2.192 
1.707 
1.653 
1.777 
1.524 
1.749 
1.494 
2.117 
2.288 
2.102 
1.509 
1.351 
1.398 
2.323 
2.811 
3.378 
1.295 
1.585 
1.558 
2.886 
1.621 
1.595 
1.816 
2.622 
2.096 
1.893 
2.794 
2.491 
2.582 
3.074 
2.396 
2.821 
3.766 
3.931 
2.617 
2.771 
3.050 
2.600 
3.430 
3.941 
0.110 
0.136 
0.112 
0.108 
0.093 
0.099 
0.084 
0.118 
0.122 
0.148 
0.102 
0.094 
0.093 
0.177 
0.204 
0.233 
0.123 
0.135 
0.139 
0.265 
0.136 
0.137 
0.139 
0.202 
0.152 
0.138 
0.169 
0.166 
0.191 
0.221 
0.177 
0.220 
0.239 
0.247 
0.171 
0.163 
0.174 
0.161 
0.226 
0.206 
8.0 
7.1 
8.5 
7.8 
10.8 
8.6 
8.7 
8.7 
8.3 
8.3 
8.4 
8.5 
8.6 
8.8 
9.4 
9.8 
9.3 
9.3 
9.2 
9.9 
10.0 
10.1 
9.9 
9.1 
9.8 
8.8 
10.5 
10.4 
10.7 
10.5 
8.4 
7.8 
10.0 
10.0 
10.3 
9.8 
9.8 
9.8 
10.3 
9.1 
0.71 
0.79 
0.96 
0.84 
0.92 
0.86 
0.93 
0.84 
0.75 
0.84 
0.73 
0.76 
0.80 
0.82 
0.82 
0.81 
0.84 
0.84 
0.78 
0.88 
0.87 
0.86 
0.86 
0.88 
0.90 
0.74 
0.94 
0.94 
0.98 
0.99 
0.79 
0.76 
0.90 
0.92 
0.88 
0.93 
0.87 
0.90 
0.92 
0.85 
130.7 
75.0 
102.4 
77.9 
96.5 
20.9 
163.0 
18.5 
67.5 
140.7 
68.0 
68.4 
92.4 
129.8 
129.7 
140.2 
133.2 
94.8 
290.7 
249.5 
211.7 
75.8 
121.0 
106.1 
101.0 
153.9 
131.3 
149.2 
157.3 
145.9 
(336.8) 
169.8 
186.5 
178.2 
90.0 
83.9 
87.0 
117.6 
90.6 
97.5 
50.5 
138.4 
175.8 
157.1 
148.0 
115.1 
131.6 
233.1 
(359.3) 
254.0 
243.6 
123.9 
28.78 
17.16 
24.38 
18.54 
22.22 
5.20 
39.61 
4.59 
16.47 
34.93 
16.87 
16.99 
22.93 
31.56 
31.52 
34.80 
32.63 
24.04 
73.73 
61.93 
53.23 
18.42 
29.42 
26.34 
24.73 
38.20 
34.04 
38.68 
40.78 
37.83 
(87.31) 
44.02 
48.36 
46.19 
23.87 
21.74 
22.81 
29.82 
22.97 
23.21 
11.34 
35.89 
45.58 
40.74 
37.53 
28.56 
33.05 
60.44 
(93.14) 
64.43 
62.44 
32.13 
2.58 
1.90 
2.95 
1.94 
2.34 
0.43 
3.66 
0.40 
1 .so 
3.38 
1.55 
1.76 
2.23 
2.73 
2.86 
2.88 
2.82 
2.56 
5.91 
5.12 
4.53 
1.60 
2.52 
2.29 
2.14 
3.37 
2.95 
3.46 
3.51 
3.31 
(8.51) 
4.10 
4.14 
4.12 
1.98 
2.07 
2.03 
2.69 
2.11 
2.23 
1.10 
3.42 
4.20 
3.81 
3.42 
2.52 
2.97 
5.14 
(8.61) 
5.71 
5.43 
2.86 
36.0 
24.2 
28.7 
23.8 
28.2 
4.8 
46.1 
5.3 
18.7 
40.1 
20.3 
20.5 
27.0 
37.6 
37.1 
40.5 
38.4 
27.3 
78.4 
63.2 
56.3 
19.8 
31.6 
28.6 
26.7 
38.6 
34.0 
38.3 
41.2 
37.8 
44.1 
55.0 
49.6 
22.7 
20.9 
21.8 
27.9 
al .9 
27.6 
14.5 
35.9 
45.6 
40.8 
36.4 
29.1 
32.8 
61.7 
(95.1) 
62.6 
62.2 
35.3 
(95.9) 
2.8 
4.1 
3.5 
4.2 
3.5 
20.8 , 
18.9 
5.3 
2.5 
4.9 
4.9 
3.7 
2.7 
2.7 
2.5 
2.6 
3.7 
1.3 
1.6 
1.8 
5.1 
3.2 
3.5 
3.7 
2.6 
2.9 
2.6 
2.4 
2.6 
2.2 
1.8 
2.0 
4.4 
4.8 
4.6 
3.6 
4.6 
3.6 
6.9 
2.8 
2.2 
2.7 
2.7 
3.4 
3.0 
1.6 
1.6 
1.6 
2.8 
2.2 ,‘ 
(1.0) 
(1.1) 
tion rates, and C, N, and P as dry wt per- very close, except at station B where P:B 
centages for each station, as was done for is 11.7% instead of 18.7% (Table 6). 
the microzooplankton in Table 2. When Causes of variations of mesozooplank- 
su& a calculation was made, results were ton Kz and  P:B coefficients-When 
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Fig. 3. Integrated chlorophyll and assimilation number (A.N.) of photic zone (0-100 m) at various 
stations (no i4C assimilation data for 7706 and N). 
mixed populations are dealt with, varia- 
tions in K 2  and P:B from one station to 
another are due to fluctuations in both 
environmental parameters (that act on 
any given species) and population com- 
position (age structure, specific or chem- 
ical composition). 
No significant correlation was found 
between K,(P) or P:B and 0-100-m mean 
temperature, integrated chlorophyll, 
weight percentage of the copepods (val- 
ues in Table 1, Figs. 2,3) and individual 
dry wt of the copepods (range: 7-43 
pg*indiv.-l). But K2(P) is correlated with 
A.N. (r = -0.842, n = 14, sta. S is omit- 
ted) and al  (r = 0.579, n = 42), although 
no significant correlation was found with 
the other components of K2,  a2 (r = 0.027, 
n = 42) and a3 (r = 0.129, n = 42). Ac- 
cordingly, P:B also correlates with A.N. 
and al (Fig. 4). A possible explanation for 
the exception of station S is that the eco- 
system was going through a shift in hy- 
drological structure and the phytoplank- 
ton might have adapted more quickly 
than the zooplankton to the new situa- 
tion. 
Discussion 
The actual meaning of P: B as used here 
needs to be discussed before compari- 
sons are made with other studies. The 
term P in Eq. 5 is concerned with a3, 
which is used for the calculation of K2. 
Actually a3 refers to the chemical com- 
position of the body and the cuticle (and 
part of the eggs, probably) so that P is 
concerned with body growth, maturation 
of the eggs, and production of exuviae. 
Therefore, in comparison with produc- 
tion studies that take only the body in- 
crement into account, P:B values in Ta- 
bles 2 and 6 are overestimates, because 
moulting crustaceans form the bulk of the 
populations and production of the moults 
may not be negligible. According to re- 
views by Conover (1978: table 5-36) and 
Gaudy (1980: table II), moulting losses 
account for 440% of copepod growth (or 
body increment) and may be greater for 
Euphausia (170%) or Daphnia (100%: 
Lei and Armitage 1980). Moulting losses 
are much smaller when referred to body 
carbon instead of body increment: 0.2- 
2% for Calanus (Vidal 1980~).  So, the gap 
% 
60 
between the P:B values of my study and 
those in terms of body increment only is 
quite hard to quantify because of the ap- 
parently high variability of the percent- 
ages of moulting losses. Except for the 
work of Binet (1979) on copepods and 
that of Reeve and Baker (1975) on non- 
moulting chaetognaths or ctenophores, 
all the P:B values for tropical regions in 
Table 7 deal with "total" production (i.e. 
body increment and exuviae) and thus 
can be compared with the present data. 
My P : B  values for mesozooplankton 
agree with those in the literature (Table 
7), in spite of different methods, except 
for those of Binet (1979), which are prob- 
ably underestimates because he used the 
mean generation time of copepods as the 
biomass turnover, the latter being shorter 
in fact because of high mortality of early 
stages, and of Malovitskaya (1971) on two 
large copepod genera. There are fewer 
data on microzooplankton P: B values but 
my results for this size class are in good 
agreement with values of Shushkina and 
Kisliakov (1975) for nauplii and copepo- 
dids (Table 7). For tintinnids, which 
made up a very small part of the micro- 
zooplankton samples, Heinbokel (1978) 
found 12-24-h doubling times, i.e. 100- 
300% P:B values at 17'-2OoC. My results 
for Salpa are in the range found by Heron 
" 8  
, ' . 
s . % S. - 60 - 
y = 62.77 e - * 2 2 2 X  * E  .E 
r =  .740 r =-.730 
y. 1.285 0.'77* 
(1972) for tlie body increase of Thalia 
democratica: 1.6-2.5 times per day, i.e. 
0.67-1.67-days turnover time. As Heron 
pointed out, these very short times are 
observed at the beginning of salp blooms, 
when phytoplankton is not limiting their 
development. Indeed, since chlorophyll 
concentrations at station H were the 
highest of the present study (Fig. 3) and 
salps were not seen 8 days before, during 
a transect from Abidjan to St. Helena Is- 
land, it seems likely that a new salp 
bloom had occurred. Finally, no P:B val- 
ue of the pleustonic Glaucus is available 
in the literature. Compared with meta- 
zoans of the saine size (1.5 x 10-l g: Fen- 
chel 1974, table l), Glaucus displays a 
rather high productivity. 
The P:B values of mixed populations 
of the tropical zone (Table 7) are greater 
than those of the temperate or polar re- 
gions (see reviews by Bougis 1974; Greze 
1978), although the latter mainly in- 
volved individual species. Such high P:B 
values raise several questions, in addi- 
tion to that of the meaning of the mea- 
sured P:B just discussed. First, growth 
rates of mixed populations which are 
dominated by small individuals of small 
species or younger stages of larger 
species (60% of the mesozooplankton dry 
weight is provided by the 200-500-pm 
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Table 7. Review,of literature on P:B values of warm oceanic areas. 
Dai1yP:B Temp 
Reference Site Species (7%) (“C) 
Shushkina* Coral Sea 
Malovitskaya 1971 Gulf of Guinea 
Reeve and Baker 1975 Florida 
Shushkina and Iüslia- Equatorial Pacific 
kov 1975 and Peru up- 
wellings 
waters 
Pacific oligotrophic 
Vinogradov et al. 1976 Equatorial Pacific 
East 
Center 
West 
Shushkina et al. 1978 
Gerber and Gerber Pacific atoll 
Peru upwelling 
1979 
Le Borgne and Dufour 
Binet 1979 Ivory Coast 
Ebrié lagoon 
1979 (Ivory Coast) 
(continental 
sheli) 
This paper Atlantic Ocean 
Microzooplankton: herbivores (Acartia, Paracalanus, 
etc.) 22-28 
carnivores (young chaetognaths, etc.) 1520 
6 1 0  
carnivores (Euchaeta, Candacia, 
etc.) 5-8 
Neocalanus, Euchaeta 2-8 
Sagitta (chaetognaths) 2 M 1  21-31 
Mnemiopsis (ctenophores) 6 2 0  21-31 
Nauplii and copepodids 
Chaetognaths 
Larval euphausids 
Nauplii and copepodids 
Chaetognaths 
Larval euphausids 30 
Protozoans 150 
Phytophagous 99 
Carnivores 33 
Protozoans 84 
Phytophagous ’ 48 
Carnivores 28 
Phytophagous 15 
Carnivores 23 
Nonpredatory mesozooplankton 3-86 1624 
Predatory mesozooplankton 14-65 1624 
Undinula 
Creseis 3 
Mixed plankton (mainly Acartia) 21-86 26-30 
Mixed copepods 5 20-28 
Mesozooplankton: herbivores (Calanus, Temora, etc.) 
30 
50-100 
40-60 18-21 1 
Small copepods 309 }29-30 
Mixed microzooplankton 
Mixed mesozooplankton 
* Review by Greze 1978. 
size-fraction in the equatorial area: Le 
Borgne 1977~)  are likely to be greater 
than those for large species throughout 
the entire lifespan. This point is well 
documented (e.g. Calunus growth curve: 
Corner and Davies 1971, fig. 8). More- 
over the combination of the effect of tem- 
perature with that of food supply and size 
of prey leads to a greater proportion of 
small individuals in tropical areas, and 
therefore to higher metabolic rates (her- 
bivorous zooplankters are smaller in the 
tropical seas than at the higher latitudes 
according to Taniguchi 1973). Secondly, 
tropical populations live in warm waters 
and the influence of temperature on 
growth rates is probably the main reason 
for high zooplankton productivity, just as 
it is for that of phytoplankton provided 
that the environment is not nutrient-lim- 
ited (Eppley 1972). The effect of temper- 
ature on P:B values is clear in the study 
of Banse and Mosher (1980) of a large 
range of aquatic and terrestrial animals 
and was also noted by Reeve and Baker 
(1975). P:B is calculated from K 2  and met- 
abolic rates (Eq. 5). Since K 2  does not ap- 
pear to be different in the Gulf of Guinea 
from other regions (Table 5),  the reason 
for the high P:B has to be sought in terms 
of high metabolic rates that are known to 
be temperature-dependent (e.g. compar- 
ison of the respiration of boreal, temper- 
ate, and tropical species: Ikeda 1970). 
I found no significant correlation with 
factors usually affecting K z  and P:B of 
3 
’ 4  
i 
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particular species, except for the clear 
contrast between mesozooplankton and 
microzooplankton P:B values caused by 
a marked size difference (consistent with 
the general relation between P:B and 
size of individuals: Fenchel 1974; Banse 
and Mosher 1980). Thus, when mixed 
populations are considered, the problem 
is likely to be complex for the following 
reasons. A given species may be phy- 
tophagous in .one place and omnivorous 
or even carnivorous in another, depend- 
ing on the kind of food and its relative 
importance, leading to different K ,  and 
P:B values (e.g. Corner et al. 1976, for 
Calanus). Then, among the copepod pop- 
ulation that accounts for at least 73% of 
the sample weight, species composition 
and age structure probably change a lot 
from one station to another so that the 
percentage of the copepods or their mean 
individual weight may not provide the 
right information: an identical weight 
may represent young stages in one place 
and small species in another. Last, within 
high percentages of copepods, some taxa 
can alter the P:B of the entire population. 
It can be seen from Fig. 2 that this could 
have happened at station H where salps 
accounted for 7.3% of the 200-5,000-pm 
sample dry wt; because of their very 
quick turnover, they could have been re- 
sponsible for the high P:B value, al- 
though the mean weight of the copepods, 
which is the second lowest (8 pg), may 
also contribute to the observed P:B val- 
ue. By contrast, pteropods have a low P:B 
(e.g. data on Creseis: Table 7) and could 
eventually alter the overall P: B although 
they contribute <2% of the sample 
weight (Fig. 2). 
However, the correlations between 
zooplankton K 2  and P:B values and pa- 
rameters dealing with the type of the par- 
ticulate material in the sea, such as A.N. 
or a l ,  show that K 2  and P:B values are not 
so erratic: the lower the A.N. and the 
greater the a l  ratio, the greater the K2(P) 
or P:B values. Assimilation number has 
a complex meaning. Provided that 14C as- 
similation and chlorophyll are measured 
with identical methods and that the 
C:Chl ratio is more or less constant, A.N. 
is equivalent to P:B for phytoplankton 
and, therefore, a good index of its phys- 
iological state. But where mixed 'phyto- 
plankton populations of the photic zone 
are concerned, the meaning is much 
more complex: populations are variable 
from one area, or level, to the other, so 
their C:Chl ratio is unsteady; their P:B is 
a function of temperature and light, both 
varying with depth and position of the 
sample. An example of the complex 
meaning of A.N. (e.g. as discussed by 
Eppley 1972) can be found in Fig. 3: an 
identical A.N. refers to the highest chlo- 
rophyll concentration (sta. H) and to the 
lowest one (Sta. E). High phytoplankton 
concentrations were becoming nutrient- 
limited at station H, thus presenting low 
A.N. (a similar result was found on the 
border of the Mauritanian upwelling: 
Herbland and Voituriez 1974), whereas 
biomass levels are very low at station E, 
in oligotrophic waters with a 75-m-thick 
mixed layer. Probably the reason for the 
inverse relationship between zooplank- 
ton P:B and phytoplankton A.N. has to be 
sought in the composition of the animal 
populations. A possible argument is 
based on the size-dependency of growth 
rates: developing phytoplankton areas 
with high A.N. (e.g. sta. O, K) may have 
large phytophagous species (such as 
Calanoides carinatus in the coastal up- 
welling of Mauritania or Ivory Coast) 
with rather low P:B values, whereas oli- 
gotrophic areas, with low A.N. (e.g. sta. 
B, E, Q) may have smaller zooplankton 
species with higher growth rates (e.g. 
Paracalanus, Clausocalanus, Oncaea); 
areas bordering upwellings (sta. G, H, I) 
may present low A.N. and young stages 
of larger copepods with high P:B values. 
Moreover, growth rates of oligotrophic 
areas may be enhanced by temperature. 
If the size hypothesis were correct, a sig- 
nificant correlation between P:B, K 2 ,  or 
A.N. and copepod individual .weight 
would be expected; this is not so, possi- 
bly because the data for copepod weights 
are not representative (13 stations and 
only one sample at most of them) and be- 
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cause other taxa are present with the co- 
pepods. On the other hand, the meaning 
of a ,  is related to the proportion of dead 
or living organisms, autotrophs and het- 
erotrophs in the particulate matter. 
Therefore, in spite of their complexity, 
A.N. and al may be better criteria for the 
environment and mixed populations than 
the usual specific growth rates. This rais- 
es the question of studying mixed popu- 
lations. This approach, which is almost 
the only possible one in diversified eco- 
systems of the tropical ocean, provides 
quick data, but their interpretation is not 
always obvious. Further, the use of mean 
K 2  or P:B values for assessing production 
from the standing stock remains suspect 
because of their great variability. 
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